CHAPTER. 1

INTRODUCTION

1.1 General Description of the Present D& Detector

The IM? debectar in ane of two major hadron eallider debectors at the Farmilab Tevatran. T
wan ariginally propesed [1] and officially approsed in 1984 and sompleted aarly in 1992 [4]
And began taking data from profao-Antiproton eallinions At 1.8 Te\' shortly thereafter. The
IN% debector wan deaigned and constmcted to e A non-magnetic geoeal purpose debeckar
for high p_ physien, aimed &t rearching for newr high mas particles ineluding the top quark,
An well A atudying heavy quarks, W and Z particles, and jets.

A perepective vieer of the preseot IN? detector, located in the IN? straight sectinn of the
Tewatran callider, in shaown in Figure 1.1. The detector has three majar distinet companents:
A eeotral tracking detector eystam, A uraninm liquid argon calarimeter smbam, And A muon

The calarimeter gyatem coneista of thoee calorimeters, A cmtral calorimeter OO, mnd teen
end calorimeters, EC's [3]. The present cenfral tracling detectom are maninted inside the
emtral opening of €O, As shown in Figure 1.1

The muon debectar conriste of A sek of toraidal magnets and & propartiooal drift fube
(PDT) systaxn [4]. The PDT's are arranged in planar arrays with ane lager inside the sheel
yulen of the toroid magnet aned feen lapees mbeide the toroid yobes. The taraides for the wide
angle miem gyetem [WAMIIS) commint: of three principal magnetized sheel taraids: the cetral
taraid CF, and twn end tormids, EF's. The onils of the thoes WAMIIS magoet grtemns are
ernnected in series and operate at 2500 amperes At either polarity. A small angle mion
myatem [SAMIIS] canminting of similar arrays of PIFT's and smaller magnetized ated toraids
in fithe] closely in the apertire of each EF. The feo SAMIIS toroids are aperated in series
&t LINN] Amperes.

T permit acossm to the ioterior of the detector the CF toraid in compeoned of thres
pectionn: A fixed central baee beam And twn moving side yobes. The central base beam
i aupparted oo A platform which suppearts the eohire detector and it in tnrm mpparta the
cAlarimetern and cenfral tradiing eymstems. The twm OF dide yoles mowe latecally oo the
platfarm o allkee acceen fa the detector companents interiar to the OF gyatem. The two EF
taraids mowe longitndinally an the platfarm, o that when they are mosed apart the two EC
weeeeln can Alen be mawed back along the cantral base heam to permit acceen to the OO and
the tracking systam mombed within it

The platform an which the eotive XN ton debector 18 mennbed meoves ioho and ot of the
IN? eollision hall. Full electrical. erpngenic, and electronic services Ave maintained in bath
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the amanbly and collinion halle ansd the eotire detector can e operated in either aren. Great
cAre han heen falvm to provide electrical noiee inalation far Al elements of the detectar an
the platfnrm eo that epirions Agoals Ame oot captired by the reos o debector aleckranics
em the platform and sent: fo the data acaquisition syabem.

1.2 TUpgrade Project of the DE Detector

Well before the IN? detector began ite firet data taling mn in early 1962 the lnminceity of
the Tevatran war acheduled to ineresee in Ao evolotionary way ower the cmree of serecal
vears [B], iovalving an well & decrease in the bunch eromsing fime from the present 3.5 peee to
svprtally leem than AN oeee. Thie an nperade project for the DN datectar wan prapased [§]
which eaplomed the wam to prepare the detectar for the increased] capahilities of the Tevaton
which will nltimately deliver lnminority oearly ten ardem of magnitide soeater than that
available when the INY detectar was first coammined amned.

The final eanfignration of the upgraded detector has been driven by the need to ac-
eommeaddate the change in Aocelerator canditions, the availability of neer deteckor-technolooy
aptinns, And the exploitation of the new phyrics capabilities, inchiding heavy quark phyrics
at lower p_. which the Teatron will facilitate. The incearing radiation dosnges deliveed
ta the mcisting cemtral tracking smbem of the debector will soon berin to degrade ita perfor-
manae; the replacemmt of thin epebem with A e radiation-hard high-precimon magnekio
tracking mymtem with eanallent electron idenbification in & ey element in the INY nparade.

Thin repart: details the dedign of A thin 2 Tedla mperconducting solenoid magnet o e
inAtalled in the apertine of O, The arrangement of the new ceotral fracking smtamn incliding
the molencid magnet in shown in Figire L2 Particlem anfgaing from the interaction point
firat, mnecnnter the thin eryllinm beam wammm fibe of the Tevatoen, then A set of preciscon
alicon mimaAtrip vecte detectom, A fonr layer scotillating fiber tracling eyetem. the thin
palmaid magnet. And An elestron preshower detector. The preshower detectar just outaide
the magnet crpoatat will Aid in electron idmfification And will compenaate the reaponae of
the dectromagoetic calorimetry for the effects of noawmidable materials in the salenaid And
inner tracking aystamn.

The tracking syetemn in the bare of the solenaoid will e mpparted by the magnet eryostat
vacm weeeel, and the preshower detechor j1sh onteide the salenaid will liloeioe be mipperbed
by the magnet cretat, which in turn is mpparted by the CC saennm weesel. A perspective
view of the rolencid inmide the OC (amitting ane EC axd EF for clarity], together with its
chim ney Aned eontral dewar, in shown in Fignre 1.3

1.3 General Requirements for the Superconducting Solenoid

The awerall phymical sime of the thin 2 Teela sqlencid is determined by the dimensians of the
exinting apertiure of the OO vaomm weeeel. The owerall dimenmions of the proposed solenoid
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are 2.7 metern in length and 142 metem in dinmeter.

The ceotral field of 2 Teala in pelecked conmidering the optimization of momentium reealn-
tian Ap_fp_ and fracking pathern recqagnition, the awerall available rpace in the (O apertire,
an<l the neceerary thickness for the cowostat which depends oo canmideratione of the thickness
of the crmduetor and mppart eplinder.

Becanse the mon taraids are located several meters from the solmoid magonet and sym-
metTically placed anteide it there will be madest magnetic interaction betwreen the sheel of
the men ayetem And the solenaid. Much of the magnetic fim generated by the solenoid re-
firos in the space beteeemn the orroatat and the mon spatem. This volume in nearly eotivd v
filled] with the nraninm Argon calorimeters and aaeociated alectronics, A ecintills bor-based
intererratat dekectar (ICD) mymtem, And the firat layer of the muan propartional drift fizhea
(PD'T's). The Main Hing beam pipe als travemses this space, peetrating the ealorimeber
weemeln themealven.

The effects of this field oo the mum PD'T's, where it and the fringe fields from the
eoiRting minn tornid cails reachea B Canes have been aticdied And hame heen shown to e
nnimpartant. The same in tmue of the calorimeter. The photomultipliee tubes of the ICD
will require replacamnent ar relocation And the Main Hing wrill requive apenifie atbafion if it
han oot heen replaced by the Main Injechar [R] priar to the inatallation of the solenaid. The
firld At the Main Hing heam pipe reachea N CGzanm and it han been fonnd that A thick ivon
rhielding pipe will be mifficient to protect the Main Ring beam foom harmful pectirbations
die to the salmaid frings field if the Main Injector in delaped.

The majar requiremants for the proposed solenoid are an follows:

L. 2 Tenla Central Fiald:
With the preeenf: technology and materinle for thin eail sAnpereondneting solenoids, it
in prewible fo dedsign A solenaidal magnet with A 2 Tealn cantral feld which will operate
shably and safely at /ll times.

2. TInifarmity of Magnetic Field:
The inride mhime of the solenoid which in ooeupied by the tracking syabem shanld
have nnifarm field awer As large A paroentage of the wolume ar practical to optimize the
pattern reeagnition and the momentim resalntion of charged particles.

J. Genmetrical sire:
The aalenaid, together with the preshower detector, must fit in the exirting inner clear
beire af the INY Cantral Calorimeber. To mabe the tracking space A large ar premible
the cryomtat shanld be made ar thin as practical.

4. Thinnens in Radiation and Ibteraction Length:

Tin preserve the present Aectonmagnetic eoergy reaclntion of the exirting DY@ calorime-
ter the materiale for the solenaid shonld e chosen o rednes their radiation and in-
teractinn length ar mmch ar practical. The effective radiation lmgth of the solenaid
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mataialn will be ntilized A o part of the electron coorecter, together with & lead sheat
wrapped aranned the auber mrface of the ayostat with thiclmess graded so that the
tatal enmbined thickness in nearly indepeodeot of seathering aAngle.

k. Chimnes
A pervice chimner carrying eryngens, magnet high enrreot busem, and vacimm pump-
it Al relief, muat reach the magnet throngh the narrow space hetereen the OO And
EC wammm veeels. The narrowest apace betwem theee calorimebears in 7.8 om wide,
And the chimney miet he desizoed to fit thin fpace.

f. Contral Dewar:
The cantrol dewar for the salenaid #ill be manted on the IN?Y detector ermbridge
atretire an shown in Figure 1.3, A turba pump for the magnet vammm syetean will
Alan be mpparted by the crmbridge.

T. Hemate Operation:
The eotire detectnr ammtem aperates in the DY collision hall which is A radiation eovi-
rommant when the Tevatron and Main Ring are aparating. Theeein oo pemecnnel accees
te thin hall at this time. The magnet syetem muat parmit fill ramote operation, in-
elnding eonl down, energization, de-energization for field rewemal, quench recovery, and
warmnp, withmt operatar Aocess to the magnet eryostat, aecvice chimney or eookoal
¢lewear .

The major parameters of the DY Balenaid deeign are shown in Table 1.1, The parameters
of the propased ralencdd arecompared with these of the ZEIS [7] detectar salencdd at DESY
and the CDF[R] mlencid at the Tevatran in Table 1.2, The ZETIS salencid wan designed
with A cemfral field of 1.8 Teala with similar fidd homogeeity requirements, bt plaoed
anymmetrically relative to the steel simcture of the ZETS detector. The stored soergy of
the propraed DY palennid in Appraximately B8 M., This atared soergy in mich rmallee than
the A M.[ of CDF or the 19 8 M.T of ZETIS. And the stared eoecgy per nnit onld mass of the
I¥?* eoil has been marde lower than either of these magnets as well. Becanee deign choioes for
the IN? solenqid can be made which are findamentally coneereatize, the proposed aolencid
while technically advanced does oot surpass state-of-the art and will lend itmelf ta ety
fnbrication.
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TAHRLE 1.1: DA Solenoid Parameter Summary

Parameter Salected Yalue
Central Fiald aT
Opercating Crurrent 4RER A
Charging Time T min
Stared Energy ha MT
Induectance A8 H
Pratection Hesistar 11.1148 Ohm
Crmetat Dimensione:
Length 473 rm
0D 1118 cm
| b AR cm
Material:
Coil Suppart Crlinder | Alnminnm ROIRAA]
Cryestat Alnminnm K]
Vaomm Vessel Desizn Dweizoed for full vammm and
f.4 pai interoal presnire
Crntrol Dewar Desizn Derizoed to ASME codde
Celd Mam Supparts:
Shi pping Dwesigned for 4g radial

Dwerigned for fig Axial with shipping
restrAintR

At ATK Dweiz el for g radial
Dwrizned for Lz axial
Snpercondietar: High-purity alnmimm shabilized milti-

Conduetar Grade I

filimentary Cin-NhTi Butherford cable
B.13kF x LF mm

Condnctar Grade IT AR x 1h mm
Crmgenics:
Temperatire of Cald Mass
mAximmim 19K
nnminal 1TK
Cnil Cooling Technique Indirect:. with 2 phase LHe foroed] fow
Hadiation Bhield Coaling | LNE foroed foee
Hefrigeration Sywtem Shared] Farmilab &iN] W Satalite

Hefrigera tor
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TARLE 1.2: Comparmon of Thin Solenoids

Prrameter Tlnitn Iy IETIS {DOF

Ceotral Field T R L.R Lk
Stored Eneroy M.T k.8 lak Xl
Hadiaticn Thickness A (1LRT M4 f.RA
ndnetanoe H 1R 1.8 84
Thtal Weight: Il R )| 11 101
Cnld Mann iz L) 1)L ERi
Cryemtat Chitaide Hadine om T 111 1877
Cryemtat Inmide Badineg om E1.A 13 1124
Cryoatat Length am . 28k M7
Cnil Winding:

Suppart Crlinder Thickness | mm LA 1R 16

Na. of Layem 3 3 1

Inner Hadim em RR.T LN 1181

Length em SRA.H 4R T Atid

M. of Turns JLIRL) Ll 11Ri

Tetal Amp-Tirns Lig 1.RT 4.0 k.th
Canduachar:

Crnduetar Cirade I mmxmm | L18Ex 18| A x Lk

Crnduetar Grade I mmxmm | AN x 1 (43 x 1k | ARG x ¥

Crnduetar Badial Width mm Lk Lk b ||

Turn ta Tirn Inn mm 1k Mk i

Al NhTL I Partn H2L2l | 18111 8111

AlCaNbTL I Partn LAR1.21 | 14:1.1:1

Stabilizer Al Purity LFFRE T LFLPRE 1
Sipercnndiehor:

Foarm Cable Cabhle Manalith

Dimensians mm’ B0 off LN i} f.0A

¥pera ting Crurreot A ARAR R R

Shart, Sample Cirreat A IEEL) LR 141

0 (o, Tip | (T, K) (8. 47 | (2.4 4K | (LR 414)

Lo /L. (lnad line] W kR L] i
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TABLE 1.2 {cont): Comparison of Thin Sclencids

Parametar Toits N7 ZEII8 CDOF
Details af Cryostat:

Tital Hadial Thicknees mm 174.h | &R0 LY
YVacimm Shell Alnmininm IR0 | ADRA-TH | RIRY
Ohter Vaoimm Shell Thiclmess mm R 13 19
Ohter Hadiation Shield Thickness | mm 1A an i
LHe Caaling Pipa mm I | 1k K 18
Crodnetor+Inmilation mm A4 A8 kW]
Inner Badiaticm Shisld Thiclmess | mm 1A An an
Inner Vaom Shell Thicliness mm .4 Ra R4
Axinl distance hetween
Crmetat &z Cail mm R LRE LT
Philkhead Thicknees mm o Jn R4
Axinl Lr*N/m | §4 [ K Temm] | L7#0
Haclial LM*N/m | 1.1 ! 121
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